Ketamine is ideal for procedures where support or control of respiration as a result of depression caused by conventional anesthesia is either undesirable, unnecessary or impossible. Its value in neuroradiological diagnostic procedures in children is unequalled. In the aged the support of circulation that ketamine affords is a very desirable attribute which may be exploitcd not only in noncardiac cases but particularly in patients in whom any type of depression is undesirable (Lorhan 1970) . Ketamine is particularly useful in patients who are in shock or have severe restrictive cardiac disease in which maintenance of blood pressure is highly desirable.
Ketamine can be combined with any drug used in anesthesia and this characteristic makes it in many ways an ideal agent for induction of many types of anesthesia because of its speed, smoothness and lack of depressive effect on respiration and circulation.
Neither ketamine nor any volatile anesthetic should be employed alone for anesthesia in patients between 15 and 65 years of age because these patients tend to have a higher incidence (about 12 %) of psychological disturbances not only with ketamine but with all volatile antsthetics. It is not necessary to employ ketamine by itself and the wilful exposure of patients to an undesirable experience, even if it does no harm, is both unnecessary and unkind. Premedication of patients with a tranquillizer such as droperidol is, in my experience, quite satisfactory. There are other agents which can be used such as diazepam or a phenothiazine, as well as morphine or other narcotics. It is also my experience that a small dose of droperidol or a small dose of thiopentone at the termination of a procedure will permit recovery without memory.
In a limited number of patients in severe shock due to blood loss and trauma ketamine anesthesia was not only satisfactory but, in my opinion, lifesaving as an induction agent which, supported by oxygen and a muscle relaxant, permitted repair and restitution of vascular integrity.
Ketamine has been used particularly by Corssen et al. (1970) as a sole anesthetic agent with oxygen for open heart operations. We have used it successfully for the induction of many patients for open heart surgery, usually for coronary artery repair, but also as the induction agent for patients suffering from severe aortic stenosis where a fall in blood pressure during induction might well have been life-threatening.
Ketamine's value lies in its ability to provide safe induction and maintenance of anesthesia in a variety of patients with unusual or life-threatening conditions. It is no substitute for conventional anesthesia in the vast majority of situations, nor was it intended to be, but is a valuable addition to our armamentarium of useful drugs. 
Selective Indications for Ketamine Anaesthesia
The traditional anesthetic methods and agents permit us to obtain effective pain control by progressively depressing the central nervous system. However, this gives rise to undesirable secondary effects on the cardiovascular and respiratory systems. Recently, research has been orientated toward the selective inhibition of the conduction and perception of pain. The first step in that direction was the acceptance of the theory of H Laborit (1950, Anesth. et Analg. 7, 289; 1954, Presse med. 62, 359) , followed by the introduction of neuroleptanalgesia.
This technique with its remarkably potent analgesia and protection of the neurovegetative system made it possible to expand the indications and to avoid unnecessary deep anesthesia with its inherent dangers. But the problem of the respiratory depression was not solved and intubation with controlled respiration remained the rule with neuroleptanalgesia.
The development of ketamine hydrochloride (Ketalar), a phencyclidine derivative, represents a major advance in anesthesia since it does not normally depress respiration or blood pressure, and intubation is not usually required. However, its successful use requires a radical change in the conservative mental attitude of the aneesthetist.
Section ofAnesthetics
The literature abounds with publications on ketamine dealing with basic pharmacology and clinical experiences. This paper presents our results based on a four-year extensive experimental and clinical application in more than 2,900 cases.
After the initial era of over-enthusiasm, ketamine has become a standard agent for welldefined indications. However, because of its widespread reputation as a foolproof and practically harmless agent, a word of warning is timely. If the correct indications, contraindications and mandatory safety measuresrequired with all anestheticsare not carefully observed, avoidable complications may be created bringing this excellent anwsthetic into disrepute. Up to now few agents, if any, have given so many desirable positive effects as ketamine with such minimal undesirable side-effects when used correctly.
Premedication
Widely different combinations have been used in order to diminish the after-effects of ketamine. A review of the statistics shows that the lowest incidence of emergence reactions is with a hypnotic premedication. According to our experience we prefer to use droperidol as the agent ofchoice if we want to decrease the cardiovascularresponse to the injection of ketamine. The advantage gained, i.e. less increase of the heart rate and blood pressure, is sometimes outweighed by the prolonged recovery time and increased hypertonicity. If ketamine is used for short procedures this type of premedication is not indicated, but diazepam (Valium) is recommended for its known properties as a tranquillizer, a myorelaxant and an anticonvulsive. It has become almost the premedicant drug of choice when combined with atropine. Without an anticholinergic agent salivation can be excessive and can cause unpleasant coughing and even laryngospasm, mainly in small children. Unfortunately the uncoordinated movements of newborns and small infants cannot be controlled with either diazepam or larger doses of ketamine. Muscular rigidity is almost totally absent with diazepam premedication. The usual dosage is 0-2-0-4 mg/kg.
Dosage andAdministration
Since first using ketamine we have always advocated larger doses than suggested by other authors and we still do. It does not mean that a predetermined large dose is given routinely but rather that we calculate the maximal dosage, which is 5 mg/kg intravenously, and give slowly as much as is needed in order to have ideal operating conditions. When painless diagnostic investigations are carried out, the dosage is about 2 mg/kg, but when painful surgical stimuli require a larger dose, we do not hesitate to give the maximal precalculated amount. The margin of safety is large and only individual assessment of every case will determine the dosage. Careful attention has to be paid to the heart rate (monitored with a precordial stethoscope), blood pressure and respiration.
It will be seen from Table 1 that the incidence of adverse emergence reactions decreases with increase in total dose/weight. A part of this effect, however, could be due to the inclusion of intramuscular administration to children in the higher dosage ranges.
The slow intravenous route is much better than the intramuscular route and has become standard. Newborns and burned cases remained the only indications for intramuscular administration. We also found that in the cardiac cases, when a vein cannot be found in small children, the intramuscular route is not satisfactory because of the poor tissue perfusion and prolonged circulation time characteristic of heart disease. One tends to underestimate this fact and to give a second intramuscular dose believing that the first calculated dose was not sufficient. On the other hand, slow intravenous administration allows us to judge the exact amount necessary and gives a perfect individual assessment of the immediate effects of ketamine. The other disadvantage of successive intramuscular injections is the difficulty in evaluating the need for the second, third and fourth dose. Consequently, the depth of antsthesia fluctuates. The clinical signs of emergency in nonintubated cases are few but characteristic, i.e. gross movements of the extremities related to stimulation, lacrimation and breath-holding.
Indications
Much has been said by other workers about the indications for ketamine, but recently the indications have been more abused than with any other agent.
Pa,diatric anesthesia: This remains the ideal indication, and has permitted us to extend the emergency extraabdominal surgical interventions such as reduction of fractures, even in patients with a full stomach. Of course, this is rather the exception than the rule, since regurgitation is an ever-present threat. As yet, however, we have not encountered vomiting or regurgitation during anesthesia with ketamine.
The repeated changing of dressings and skin grafting of burned patients remains one of the best indications, as well as in ophthalmology for small investigative procedures in children.
Multiple dental extractions are ideally executed under ketamine anesthesia but laryngological, endobronchial and nasal surgery are, at least in our opinion, a real contraindication to its use. In this last type of surgery intubation and packing is mandatory.
Diagnostic procedures, such as pneumoencephalography and arteriography, and radiotherapy are again indications that merit attention. Lately, in spite of the extensive use of ketamine in neuroradiology without incident, investigations are being carried out to determine whether the rising blood pressure produces a corresponding increase in intracranial pressure. The question has not yet been settled but clinically the patient seems to tolerate the aniesthetic well and no ill effects have been detected. To use it in patients with a known epileptic history remains controversial and we consider that it is contraindicated.
Piediatric cardiac catheterization constitutes an indisputable indication, even considering the slight hypertension, tachycardia, increased cardiac output and stroke volume which follow the administration ofketamine. The difficulties of and anw,sthetic requirements for the diagnostic investigation of cardiac anatomical abnormalities and their functional repercussions are well known. In adults, local analgesia combined with premedication is sufficient, but in children because of the fear of the unknown in a darkened room or lack of co-operation due to age or language barrier, genijal aniesthesia becomes mandatory.
Crying, straining, bucking, breathholding and incorrect manual ventilation may precipitate cardac failure. Ketamine with its remarkable properties seems to us to be the best anesthetic for such procedures and the use of it in over 300 cases has proved its superiority to other conventional agents. In the induction period, oxygen by mask is given, but for the performance of the required studies we let the patients breathe room air. Oxygen saturation, shunt detection with hydrogen inhalation, dilution with ascorbic acid and measurements of different pressures are easily carried out. Cardiac irritability is not enhanced, as has been frequently seen with other agents. In our series, there was one fatality eleven hours following the last dose of ketamine, two ventricular tachycardias after the intracardiac introduction of the catheter necessitating interruption of the catheterization, and recently two cases of pulmonary (edema. One of these cases had repeated pulmonary oedema without anaesthesia. Adult anasthesia: The continuous search to facilitate the induction of general anaesthesia led us to try ketamine for this purpose. Its limited diwation of action, the maintenance ofpharyngeal reflexes, muscle tone and patent airway not requiring support of the jaw, were all in favour of its use with different types of inhalation or intravenous agents. Routine ECG monitoring during induction and intubation did not detect arrhythmias, provided adequate doses were given (3 mg/ kg intravenously). The action of succinylcholine was not prolonged if used for intubation. The emergence from anisthesia was smooth and dreams or hallucinations were not observed. Of course, in these cases only a single induction dose was given. Therefore the elimination of ketamine was complete by the time the surgical procedures ended. Patients questioned never recalled unpleasantness of the induction or remembered the introduction of the endotracheal tube.
There has been great controversy about the ineffectiveness of ketamine in visceral surgery. In general, it is contraindicated in this unless combined with other anisthetics. In our experience ketamine as the sole aniesthetic agent, combined with intubation, curarization and controlled ventilation with either oxygen-air or oxygennitrous oxide, proved useful and effective for major thoracic and abdominal surgery. In open heart surgery using ketamine only, we were able to ventilate with 100% oxygen if needed without worrying about the state of awareness of our patients. Defibrillation was always easily carried out and increased cardiac irritability was not detected by continuous ECG monitoring. With this technique we had smooth, uneventful, deep surgical aneesthesia, total amnesia and smooth but somewhat prolonged recovery. Electroencephalographic tracings did not show increased cortical activity or epileptiform discharges. The clinical signs of pain such as tachycardia, rising blood pressure, mydriasis and cardiac irritability due to increased catecholamine activity were not seen. We found that the single dose intravenous induction followed by maintenance with a continuous drip of ketamine (500 mg in 5 % glucose at a rate 10-20 drops per minute) is not only the best way to gauge the depth of anisthesia but also permits a significant decrease and evenness of dosage. The continuous drip should be stopped 30-45 minutes before the end of the surgical procedure. It is difficult to give a precise dosage scheme. One has to become familiar with this technique by using it and to learn to detect the earliest signs of insufficient analgesia which are few in patients who are curarized and intubated. In our experience after the initial hypertension and tachycardia which follow the induction, blood pressure and pulse rate settle down to an even level. The slightest rise in either parameter, or lacrimation, are practically the only signs of insufficient analgesia. Increase of the infusion rate will immediately increase analgesia and the signs disappear. It is better not to wait for these signs but to vary the rate of infusion according to the different surgical stimulations.
The only disadvantage of ketamine anesthesia is the relatively slow emergence, but this was never a real problem to recovery-room nursing personnel. Post-operative shivering, cyanosis, inadequate peripheral perfusion were not seen if all other contributing factors were corrected.
The same technique has been widely employed in geriatric orthopedic anesthesia. In the literature concerning ketamine the two major contraindications are hypertension and cardiac decompensation. It is well known that in the geriatric age group these -tw& conditions are common and would definitely contraindicate the use of ketamine. We believe that the hypertension and tachycardia can be markedly decreased with droperidol premedication. The limit of the hypertension is around 180 mmHg systolic. It is interesting to note that the greater the initial hypertension the smaller the rise in blood pressure following the initial injection of ketamine. The subsequent single or continuous drip doses never altered either blood pressure or pulse rate, provided they were given before the analgesic effect of the previous dose had worn off. One can combine ketamine with halothane or nitrous oxide instead of using an oxygen-air mixture. With nitrous oxide, of course, one can slightly diminish the amount of ketamine required and it is widely used in this way. But halothane certainly would not contribute to the safety of the technique. The only gain, the smaller dose of ketamine used, would be counterbalanced by the pharmacological effects, sometimes undesirable, of the other agent. In hypovolbmic, or in elderly dehydrated orthopedic patielnts, it certainly would not add to the safety of anesthesia.
The use of a longer-lasting curarizing agent (non-depolarizing) is compatible with ketamine. We do not recommend gallamine (Flaxedil) because of its known excessive vagolytic property. The use of pancuronium bromide (Pavulon) might slightly enhance the hypertension and tachycardia, but up to now it has not been a problem and it has been used extensively. The much criticized postoperative period in nonalcoholic patients was uneventful provided patients were undisturbed. We recommend that patients are kept in the recovery room until they can orientate themselves in space and time. Nausea and vomiting have not been observed. One has to realize that full recovery with ability to focus the eyes takes 1-2 hours, and that in a few cases diplopia lasts as long as 4 hours.
The unpopularity of spinal, and to a lesser degree of epidural, analgesia was mainly due to fear of lumbar puncture based upon the patient's recollection of a previous unpleasant experience. Therefore one sometimes has to use a supplementary agent. In many instances the injudicious use of a supplementary agent was a direct cause of the ensuing cardiovascular collapse or respiratory failure. In spite of the dangers involved, several, mostly intravenous, agents are used. Ketamine was tried and found not only to be satisfactory, but also to have the fewest complicating sideeffects. The protective reflexes, as well as muscle tone, are fully maintained with the small doses (1-2 mg/kg) given intravenously. It is an important feature of the drug, since the lateral decubitus position favours laryngeal obstruction in patients having, for instance, an injection of a barbiturate. Present clinical experience proves the superiority of ketamine compared to other well-accepted and perhaps better understood intravenous agents.
Contraindications
Contraindications are: a history of cerebrovascular accident, or of intracranial, intrathoracic or intra-abdominal aneurysm; cardiac decompensation, acute or chronic; epilepsy, although there are opinions to the contrary in these cases; in cases of acute and chronic alcoholism because of the much greater dosage requirement and the unpleasant, agitated and prolonged recovery period. Hypertension is not an absolute contraindication, but each case should be considered individually.
To conclude, we believe that many anesthetic problems have been solved and made easy by the introduction of ketamine. It is far from being the ideal agent, but, if it is used judiciously and its unusual effects accepted with an open mind, it will find a place in our ever-increasing list of useful drugs.
Professor John W Dundee (Queen's University, Belfast)
As an author of one of the early papers (Dundee et al. 1970) which was critical of the use of ketamine, I must stress again that the incidence and severity of side-effects with this drug are too high to recommend it as a routine induction agent. This applies particularly to its use in adults, especially in the absence of depressant premedication, and for minor surgery (Knox et al. 1970) . Our continuing experience in adults has failed to show any relationship between blood pressure rise and the rate of injection. Bovill et al. (1971) reported a comparable degree of hypertension when 2 mg/kg was injected over 40-60 seconds and when it was given over 5-7 minutes. An expected finding was an increased elevation in
